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ABSTRACT 

After  a  3-year  study  of  simmer  soil  moisture  trends  in 
a  grassy  opening,  a  second-growth  ponderosa  pine  stand,  and 
a  clearcut  plot  in  the  pine  stand,  we  concluded:     (1)  there 
was  relatively  little  difference  in  soil  moisture  regimes 
between  the  natural  cover  types;   (2)  the  difference  between 
the  moisture  regime  of  the  cut  plot  and  those  of  both  the 
natural  cover  types  was  highly  significant;  (3)  antecedent 
winter  precipitation  has  a  strong  differential  effect  on  the 
summer  soil  moisture  regimes  of  the  three  cover  types.  In 
terms  of  autumnal  soil  moisture  savings,  if  we  assume  the 
pine-to-clearcut  plot  conversion  to  equal  100  percent  of 
attainable  savings,  the  grass  is  only  20  percent  as  effec- 
tive.    The  absolute  value  of  moisture  savings  is  highly  de- 
pendent upon  the  weather. 


A  knowledge  of  soil  moisture  variations  as  influenced  by  differ- 
ing cover  conditions  is  necessary  for  a  land  manager  whose  objectives 
include  watershed  management.     For  example,  the  vegetative  cover  on  a 
given  piece  of  land  will  influence  the  soil  moisture  on  that  land 
through  the  processes  of  interception,  transpiration,  shading,  and 
wind  modification. 

During  the  years  1963  through  1965,  some  soil  moisture  data  were 
gathered  that  add  to  our  knowledge.     The  purpose  of  this  note  is  to 
report  these -data,  point  out  the  apparent  moisture  differences  between 
cover  conditions,  and  discuss  some  of  the  possible  causes  for  these 
differences . 


STUDY  AREA 


The  study  was  conducted  in  central  Washington  on  the  Mission  Creek 
drainage  of  the  Wenatchee  National  Forest,  about  6  miles  WSW.  of 
Wenatchee  at  latitude  47°23'  N. ,  longitude  120°26'  W.     The  elevation 
is  3,200  feet,  near  the  top  of  a  southeast-oriented  ridge.     The  slope 
varies  from  5  to  20  percent,  and  aspects  range  from  ESE.  to  SW. 

The  general  type  classification  of  the  area  is  ponderosa  pine, 
but  timbered  patches  alternate  with  natural  openings.     The  timber  has 
a  moderate  understory  of  elk  sedge  (Carex  geyeri)s  arrowleaf  balsamroot 
(Balsamorhiza  sagittata) 3  lupine  (Lupinus  spp.),  and  some  antelope 
bitterbrush  (Purshia  tridentata ) .     The  open  areas  are  vegetated  prin- 
cipally with  cheatgrass  brome  (Bromus  teotovum) _,  lupine,  balsamroot, 
and  scattered  bitterbrush.     The  timber  in  the  study  area  is  a  second- 
growth  ponderosa  pine  (Pinus  ponderosa)  stand  with  a  mean  basal  area 
of  195  square  feet  per  acre.     The  stand  averages  1,275  stems  per  acre 
with  a  mean  diameter  of  5.3  inches. 

Soils  are  relatively  deep,  well-drained  sandy  loams,  derived  from 
sandstone.     Field  capacity  (0.1  atmosphere  tension)  is  29  percent  by 
volume  or  about  3.5  inches  per  foot.     Wilting  point,  as  determined  by 
the  15  atmospheres  tension,  is  8.7  percent  by  volume  or  just  over  1 
inch  per  foot. 

Climate  is  characterized  by  warm,  dry  summers  and  relatively  cold 
winters.     The  bulk  of  the  precipitation,  which  totals  about  18  inches 
per  year,  occurs  as  snow. 

The  area  was  cut  over  early  in  this  century  and  heavily  grazed  by 
sheep  in  the  1920 's  and  1930 's.     Domestic  animals  have  been  excluded 
since  1954,  but  the  area  is  used  by  a  large  deer  herd  and  some  elk. 

PROCEDURE 

In  July  1962,   16  soil  moisture  access  tubes  were  installed,  all 
within  200  yards  of  each  other.     Most  tubes  were  installed  to  a  depth 
of  9  feet,  but  rock  forced  us  to  terminate  some  at  shallower  depths. 
The  shortest  tube  extended  to  66  inches.     Six  tubes  were  in  a  natural 
opening,  eight  were  in  a  ponderosa  pine  stand,  and  two  were  located  in 
a  40-  by  40-foot  plot  in  the  pine,  clearcut  just  prior  to  installation 
of  the  access  tubes  (figs.   1  and  2). 

These  tubes  were  allowed  to  equilibrate  until  May  1963,  when  meas- 
urements were  started.     The  measurements  were  made  with  a  5-millicurie 
radium-beryllium  neutron  probe  and  scaler  for  1  minute  at  every  6  inches 
for  the  first  2  feet  and  every  foot  thereafter.     Measurements  were 
scheduled  approximately  every  2  weeks  from  snow  disappearance  until  the 
fall  storms  terminated  the  dry  season.     Measurements  were  made  from 
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Figure  1. — Soil  moisture  being  measured  in  a  grass  cover  type,  Mission 
Creek  drainage,  Wenatchee  National  Forest,  July  1962. 


Figure  2.  —  Soil  moisture  access  tubes  installed  in  a  clearcut  plot, 
Mission  Creek  drainage,  Wenatchee  National  Forest,  July 
1962.    A  ponderosa  pine  stand  is  just  beyond. 


May  21  to  August  21,   1963;  May  4  to  September  20,   1964;  and  April  28 
to  September  14,  1965.     In  none  of  these  years  was  the  measurement 
started  as  soon  as  would  have  been  desirable  because  of  the  delayed 
snowmelt  on  the  access  road.     In  the  first  year  also,  equipment  failure 
forced  a  delayed  start  and  premature  end  to  the  season's  measurements. 

Surface  moisture  was  not  measured.     Our  reasoning  was  that  the 
soils  near  the  surface  will  quickly  dry  to  wilting  point  regardless  of 
the  vegetation.     Neutron  counts  were  made  at  6-inch  depths  to  verify 
this  assumption  but  not  used  in  the  analyses;  therefore,  all  data  given 
refer  to  the  soil  profile  below  the  9-inch  depth. 

Concurrent  with  soil  moisture  determinations,  two  nonrecording 
precipitation  gages  were  installed  and  maintained. 

RESULTS  AND  DISCUSSION 

For  analysis,  the  individual  depth  measurements  were  grouped: 
9-21  inches,  21-42  inches,  and  42-78  inches.     These  groupings  coincided 
as  much  as  possible  with  apparent  differences  in  root  concentrations. 
Weighted  mean  moisture  content  in  inches  per  foot  was  computed  for  each 
class  and  the  results  plotted  (fig.  3).     Total  precipitation  during 
each  intermeasurement  period  is  also  shown.     During  the  fall  of  1963, 
vandals  pulled  the  tubes  in  the  clearcut  plot  partially  out  of  the 
ground.     We  were  unable  to  force  the  tubes  to  the  original  depth,  which 
accounts  for  the  missing  data  below  42  inches  in  1964.     In  the  fall  of 
1964,  the  holes  were  augered  to  the  original  depth  and  the  access  tubes 
reinstalled . 

When  the  differences  in  moisture  content  between  cover  types  were 
computed  (fig.  4),  there  was  relatively  little  difference  between  the 
natural  openings  and  the  pine,  especially  above  42  inches.     At  the 
shallower  depths,  the  slight  differences  that  did  exist  were  inconsist- 
ent.    In  comparison,  the  soil  moisture  content  of  the  clearcut  plot  was 
considerably  greater  than  that  of  the  other  cover  types. 

Moisture  depletions  during  the  measurement  period  each  year  were 
computed  for  each  of  the  depth  horizons  and  for  the  entire  9-  to  78- 
inch  profile  (table  1).     The  clearcut  pine  would  appear  to  have  used 
more  moisture  than  either  of  the  other  two  cover  conditions,  at  least 
for  1964  and  1965;  but  if  we  look  back  to  figure  3,  we  can  see  that 
such  a  conclusion  would  probably  be  invalid.     The  clearcut  plots  ap- 
peared to  lose  more  moisture  during  the  measurement  period  only  because 
measurements  were  started  at  a  time  when  this  plot  contained  more  mois- 
ture than  did  the  two  natural  conditions.     As  pointed  out  previously, 
the  field  capacity  for  these  soils  is  about  3^  inches  per  foot;  and  at 
the  time  of  the  initial  measurement  each  year,  the  soils  of  the  meadow 
and  the  ponderosa  pine  stand  had  already  dried  to  well  below  field 
capacity.     The  soils  in  the  clearcut  plot,  however,  were  still  quite 
close  to  field  capacity. 
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Figure  3. — Soil  moisture  trends  showing  moisture  depletion  for  three  depth  zones  and  three  vegetative  cover 
conditions;  study  on  Mission  Creek  drainage,  Wenatchee  National  Forest,  1963-55. 


There  are  several  reasons  for  this  initial  moisture  difference. 
As  soon  as  transpiration  starts  in  the  spring,  those  areas  containing 
a  complete  stand  of  the  natural  vegetation  will  begin  to  dry  out  quite 
rapidly.     A  small  clearcut  plot,  however,  with  only  a  light  cover  of 
understory  vegetation  remaining,  will  not  lose  soil  moisture  as  rapid- 
ly.    Another  contributing  factor  in  the  initially  higher  soil  moisture 
content  of  the  clearcut  plot  is  the  increased  snow  accumulation  in 
this  relatively  small  opening  and  a  consequentially  prolonged  melting 
period  in  contrast  to  the  natural  conditions.     Finally,  in  some  years, 
there  may  be  a  lack  of  complete  recharge  of  the  ponderosa  pine  and 
grassland  soils.     Figure  3  indicates  that  these  soils  reached  a  some- 
what lower  level  of  soil  moisture  each  fall  than  did  the  soil  in  the 
clearcut  plots. 


5 


1963 

A  B  C 

9  TO  21  INCHES 


ur 


21  TO  42  INCHES 


BELOW  42  INCHES 


Hi 


1964 
A  B 


itl 


hTTfh 


1965 

B  C 


TTTfh  WU™ 


Ml 


h-n 


lllrtl 

SUCCESSIVE  MEASUREMENT  PERIODS 
(WITHIN  YEAR  AND  COMPARISON  BLOCKS) 


Figure  4.  Moisture  differences  by  cover,  depth,  year,  and  relative  date;  study  on  Mission  Creek  drainage, 

Wenatchee  National  Forest,  1963-65.    (The  bars  within  each  block  are  in  chronologic  sequence  and 
represent  the  following  differences:    A,  grass  minus  pine;  B,  cut  plot  minus  grass;  C,  cut  plot 
minus  Dine.) 


There  was  an  anomalously  low  soil  moisture  depletion  under  ponder- 
osa  pine  in  1964  (table  1).     Again,  we  can  explain  this  by  referring 
back  to  figure  3.     At  the  21-  to  42-inch  depth,  and  especially  below 
42  inches,  the  ponderosa  pine  showed  very  little  use  of  soil  moisture 
throughout  the  measurement  period,  because  at  both  of  these  depths, 
soil  moisture  at  start  of  the  season  was  quite  low.     Upon  checking  the 
records  for  the  winter  of  1963-64,  we  found  that  the  weather  was  ex- 
tremely dry.     The  Wenatchee  weather  station  reported  73  percent  of  nor- 
mal precipitation  during  the  period  October  1963  through  March  1964. 
With  this  abnormally  low  winter  precipitation  and  the  interception  by 
the  ponderosa  pine  canopy,  we  apparently  failed  to  achieve  complete 
recharge  at  the  21-  to  42-inch  depth  and  almost  no  recharge  below  42 
inches.     These  results  are  similar  to  those  reported  by  Orrl/  for  the 
Black  Hills. 


—    Orr,  Howard  K.     Soil  moisture  trends  after  thinning  and  clearcutting  in  a  second- 
growth  ponderosa  pine  stand  in  the  Black  Hills.     Rocky  Mountain  Forest  and  Range  Exp. 
Sta.  USDA  Forest  Serv.  Res.  Note  RM-99,  8  pp.,  illus .  1968. 


6 


Table  1. — Soil  moisture  depletion  at  varying  depths  during  measurement  period; 

study  on  Mission  Creek  drainage ,  Wenatchee  National  Forest 


Measurement  period 

Depth 

(inches 

) 

Weighted 

lo  tal , 

mean , 

?—  to 

and  type  of  cover 

y  to  /  o 

/o  — incn 

9- 

-21 

21 

-42 

42-78 

inches 

profile 

-  -  -  Inches  per  foot  -  - 

Inches 

1963: 

Grass 

1 . 

09 

0.94 

0.64 

0.81 

4.66 

Ponderosa  pine 

1. 

51 

1 

.15 

.50 

.87 

5.02 

Clearcut  pine 

1. 

38 

.97 

.42 

.75 

4.34 

1964: 

Grass 

1. 

38 

1 

.11 

.87 

1.03 

5.93 

Ponderosa  pine 

1 . 

54 

.50 

,-12 

.48 

2.78 

Clearcut  pine 

2. 

28 

1 

.53 

I/.  86 

1.31 

7.54 

1965: 

Grass 

1. 

21 

1 

.01 

.89 

.98 

5.65 

Ponderosa  pine 

1. 

46 

1 

.20 

.66 

.96 

5.54 

Clearcut  pine 

1. 

68 

1 

.89 

1.32 

1.56 

8.95 

—    Estimated  from  partial  measurements. 


Looking  at  figure  3,  we  detect  the  influence  of  the  deeper  root- 
ing depths  of  the  ponderosa  pine.     Down  to  42  inches  there  was  very- 
little  difference  in  soil  moisture  depletion  rates  between  the  grassy 
opening  and  the  ponderosa  pine  stand;  but  below  42  inches,  the  pine 
soils  reached  somewhat  lower  moisture  levels  than  did  the  soils  in  the 
opening . 

The  differences  in  autumnal  soil  moisture  content  of  the  9-  to 
78-inch  profile  under  the  three  cover  conditions  were  as  follows: 


1963 


1965 


— (Inches  per  foot) — 


Grass  minus  pine  0.21 
Clearcut  plot  minus  grass  .82 
Clearcut  plot  minus  pine  1.02 


0.08 
.32 
.40 
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In  theory,  these  differences  are  the  potential  gains  in  available  water 
as  we  change  from  one  condition  to  another „     It  is  interesting  to  note 
that,  in  both  years  for  which  we  have  complete  data,  if  we  assume  a  two- 
step  conversion  from  pine  to  grass,  i.e.  pine  to  cut  plot  followed  by 
cut  plot  to  grass,  the  values  for  autumnal  deficits  show  an  algebraic 
balance.     In  1963,  for  example,  converting  from  pine  to  a  cut  plot 
resulted  in  1.02  inches  per  foot-depth  in  water  savings.     Of  this,  we 
would  lose  0.82  inch  per  foot  in  converting  the  clearcut  plot  to  grass, 
resulting  in  a  net  savings  of  0.20  inch.     This  compares  very  favorably 
with  the  0.21-inch  measured  difference  between  the  pine  and  the  grass. 
If  we  carry  out  the  same  calculations  for  1965,  the  balance  is  exact. 

There  are  two  conclusions  that  can  be  drawn  from  this  study: 

1.  The  grassy  openings  and  ponderosa  pine  stand  existing 
on  the  study  area  show  very  similar  soil  moisture 
regimes  except  during  years  of  abnormally  low  winter 
precipitation  and  for  soils  deeper  than  average  for 
the  ponderosa  pine  zone  of  north-central  Washington. 
Other  studies  are  necessary  to  define  the  geographic 
limits  of  this  relationship. 

2.  Removing  ponderosa  pine  results  in  a  significant 
initial  alteration  of  the  soil  moisture  regime  and 
a  higher  soil  moisture  content  at  the  end  of  the 
growing  season.     Additional  research  is  needed  to 
determine  how  long  this  effect  will  last. 


*  *  *  *  * 


8 


